anteroposterior view, and also since it lies relatively low in the brain it is not always shifted laterally.
A good means of confirming the presence of a supratentorial hemisphere mass is by ultrasound. The test is positive in over 90 % of cases and false positives are very rare. Lumbar puncture is helpful. All these examinations can be carried out in a small hospital without special facilities. The big question is: at what hospitals should angiography be carried out and how can we afford to investigate fully such a common disease as stroke? I do not know the answer.
Finally, as an additional illustration of the difficulty of the problem of drawing conclusions from angiographic findings, I quote, by kind permission, from a recent paper by Faris et al. (1963) . ' A group of 43 healthy male prisoners [aged between 40 and 65] were subjected to transbrachial percutaneous arteriography in order to visualize both vertebral and carotid arteries in the neck. Some kind of arterial lesion was demonstrated in 23 men (53 *6%/).
In 10 men (23 2 Y.), more than one artery was affected.
The abnormalities consisted ofatherosclerotic plaques, complete arterial occlusions, arterial kinks, partial obstruction by arthritic spurs, extra-arterial fascial bands, or total absence of a vessel. Atherosclerotic plaques accounted for about half of the lesions demonstrated.
'The percentage of normals was practically identical in the fifth-decade and sixth-decade groups, whereas the percentage of atherosclerotic lesions was actually slightly higher in the younger group. The vessel most commonly involved was the right vertebral artery, then the right carotid, left vertebral, and left carotid. Atherosclerotic lesions were seen more often in the carotid arteries; other types of lesions more often affected the vertebral arteries.
'Comparison of the group of 43 healthy men between 40 and 65 with a group of 68 male patients with cerebrovascular insufficiency in the same age group revealed only slight differences in radiologic abnormalities.
'As a result of this study, we feel great caution should be used in interpreting the clinical significance of radiologically demonstrated arterial occlusive and obstructive lesions in patients with cerebrovascular insufficiency. Furthermore, the need for surgical removal of such arterial lesions must also be carefully determined.' We have used all three methods and we consider that each has its merits and demerits in particular circumstances. There is no question, however, that selective renal angiography provides the best diagnostic results and produces the most perfect X-ray photographs ofthe renal circulation.
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Technique
We perform selective renal arteriographyusing the Kifa opaque catheters and the technique described by Odman in 1956. The catheters are preshaped with a curve at their tips so that they can be rotated to enter either renal artery.
In the original technique a separate catheter was used for each side but we soon found that this was quite unnecessary and that a well-shaped catheter could be made to enter either renal artery merely by rotation. The catheter is introduced by means of the Seldinger instrument. In our practice we have simplified this instrument by substituting a simple needle for the needle and outer cannula used by Seldinger.
Other technical improvements which we have found useful are to taper the tip of the catheter. This enables us to use the smaller Seldinger needles and arterial puncture holes, and still insert the relatively large-sized green or red Kifa catheters.
Since we have adopted this procedure we have had no trouble from heematoma formation which was originally an occasional complication of the procedure.
Screening of the catheters into the renal arteries is a relatively simple matter if image intensification facilities are available. The renal arteries usually come off opposite L.1/2 and the catheter is manipulated to point laterally with its tip at this level. When the tip enters a renal artery it can usually be seen to flick outwards beyond the aortic lumen. We confirm that the tip is in the renal artery by injecting a small test dose of 2-3 ml of low concentration contrast (i.e. 45% Hypaque or 60% Urografin). This is clearly visible on the screen passing out into the renal artery branches. For the actual injection we use 5-8 ml of 45 % Hypaque injected by hand. We have tried various combinations of -serial films including rapid serial angiography with a Schonander changer at up to 6 films per second, and cine filming. We have for most practical purposes found rapid serial filming unnecessary and wasteful. In most cases two films have usually proved adequate. A first film is shot towards the end of the injection of contrast. This gives us the arterial phase, and a second film a second or two later is taken for the nephrogram phase. If the films are not considered adequate the procedure is repeated and further films obtained with slightly different timing.
Occasionally, particularly in elderly patients with very kinked or atheromatous aortas it may prove impossible to pass the catheter to the correct level. In these cases we resort to lumbar aortography.
In cases where the kidney has a double arterial supply only one vessel may be selectively injected, though we have frequently injected both arteries. In such cases, or where there is any doubt at all as to the presence of accessory arteries, we always make a final injection free into the aortic lumen before concluding the procedure.
Ancesthesia
As with most of our vascular investigations selective renal arteriography is carried out under local anesthesia. We sedate the patient by intravenous injection ofpethidine 50 mg and Phenergan 25 mg at the commencement of the procedure. The actual contrast injections are usually not felt at all by the patient because the small dose of contrast medium is injected directly into the renal artery.
Complications
Hmmatoma formation was the major complication in our series. In 2 of our early cases large ha,matomas developed which required surgical intervention. These have been previously reported (Sutton 1962 ).
Since we have used the modified technique with the tapered catheter tip and small puncture needle we have had no further complications of this nature among several hundred selective examinations performed in the last few years.
Experimental evidence has been presented that selective renal arteriography can produce renal damage in dogs, but this is surely a matter of dosage. In our large series of cases we have encountered no complications of this kind. It is possible to obtain beautiful renal arteriograms with very low doses of contrast medium, for example with 5 ml of 45% Hypaque or 60% Urografin. I feel quite confident that this dosage is so small that toxic features are mostunlikelyand they are much less likely than from other techniques of renal arteriography, where the dose of contrast medium actually entering the renal artery is not under direct control. INDICATIONS We have now performed many hundreds of renal arteriograms at St Mary's Hospital and in this short paper I wish to review some of the results. The indications for renal angiography may be considered under two headings: (1) The investigation of tumours, cysts, and allied conditions.
(2) The investigation of vascular lesions involving the renal circulation, particularly those associated with hypertension.
Most cases investigated by us came into the second category, and in particular we have made a large scale study of the vascular changes in hypertensive patients.
Tumours and Cysts
Hypernephromas are well recognized as being excessively vascular tumours. This excessive vascularity is well shown at arteriography. The pathological vessels in the tumour area are particularly well brought out at selective renal arteriography (Sutton 1962) .
Renal cysts: In contrast to the appearances seen with hypernephroma, renal cysts usually prove non-vascular. It is thus possible by renal arteriography to distinguish between renal tumour and renal cyst in the majority of cases. Nevertheless, as with radiology generally, one should always interpret appearances in the light of the clinical findings, and difficulties of interpretation may arise even with the angiographic method. Thus in a case already published (Sutton 1962) arteriography raised the possibility of a vascular neoplasm. The clinical features of this case, however, were those of an infective lesion and operation proved that the abnormal vessels were due to a hypernmic reaction around a cortical abscess.
At the other extreme we have encountered a case in which the angiographic findings suggested a large renal cyst. The kidney was removed and the lesion proved to be a huge hypernephroma. On review of the films there were several features which were atypical for cyst but it is clear that we must recognize the possibility that a hypernephroma can prove non-vascular at arteriography, rare though this may be. Boijsen & Folin (1961) found 5 such cases among 84 tumours examined by renal angiography. Polycystic disease of the kidneys is commonly diagnosed at IVP when the radiographic appearances are usually characteristic. Occasionally, however, the IVP is less typical and in cases associated with early renal failure anatomical detail may be difficult to define. In these cases the arteriograms may be most helpful as the angiographic appearances are also characteristic. In the case I have previously reported (Sutton 1962 ) the patient presented with hypertension and early renal failure. The IVP was so poor that an anatomical diagnosis was not made. The patient was a muscular, thick-set man and the enlargement of the kidneys was not diagnosed clinically. The angiographic findings were a surprise to the physician in charge.
Arteriography has been used in the investigation of renal tuberculosis and an area affected by tubercle usually appears as a negative shadow in the nephrogram because of tissue destruction. Arteriography in renal tuberculosis has been discussed in detail by Frimann-Dahl (1958) .
Another field where we have found renal arteriography useful is in the assessment of congenital renal anomalies.
Arteriography has also been used by us in cases suspected to have congenital absence of the kidney on one side and in the assessment of the unilateral non-functioning kidney whether due to hydronephrosis, pyelonephrosis, or pyelonephritis.
Arteriography usually provides a very beautiful demonstration of the anatomical status of the diseased kidney whatever the cause.
Vascular Lesions
The more important vascular lesions demonstrable by renal angiography include: (1) Thrombosis and stenosis of the renal artery form the largest single group of cases encountered in clinical practice. It has attracted particular attention in recent years because of its association with hypertension. All the other vascular lesions mentioned may also be associated with hypertension, which is usually secondary to the resulting renal ischamia, but the other lesions, with the exception of fibromuscular hyperplasia, are uncommon.
Stenosis of the renal artery is now well recognized as a cause of ischaemic kidney and secondary hypertension. We have investigated over 600 hypertensives by arteriography and the majority of these had selective renal arteriograms. Atheromatous stenosis is very well demonstrated by this technique and occurred in about 10% of our unselected cases of hypertension.
A full discussion of this subject and of the pyelogram changes in renal artery stenosis has been previously published by us (Brown et al. 1960) . About one-third of our cases of renal artery stenosis have shown the pyelogram changes which we consider to be characteristic of the condition; they were highest in the functional or significant stenoses (Sutton et al. 1961 Sutton et al. 1963, by kindpermission)
The pyelogram changes consist of: (1) Reduced size of the kidney. (2) Smooth contour of the kidney as compared with irregular contour of the small kidney in chronic pyelonephritis.
(3) Increased contrast density on the affected side. This is the natural consequence of reduced plasma flow whilst tubular resorption of water remains excellent. (4) 'Spasticity' of the calyces. This, of course, is not due to spasm but to under-filling of the calyces consequent on reduced urine output. (5) Delayed excretion in the 1-3 mm films as described by Siggers (1961) .
These changes are not always present but, when they are, they are diagnostic and indicate the presence of a functional renal artery stenosis.
Fibromuscular hyperplasia: We have now seen over 30 examples of this condition. The angiographic appearances resemble those seen in atheroma. But whilst this usually involves the proximal third of the renal artery and is sharply localized, fibromuscular hyperplasia (Fig 1) involves the middle and distal third of the artery over a wide area. The appearance of the affected artery has been aptly compared to a 'chain of sausages'. Aneurysinal dilatations may also occur in the affected vessels.
There are several puzzling features about these lesions: (1) The high female incidence which is in contrast to the predominance of male cases in atheroma. It was at first thought that this condition did not occur in adult males but we have seen isolated cases in men. (2) In contrast to atheroma the disease is nearly always bilateral.
(3) It involves a long segment of the artery, in contrast to atheroma, and it may involve branch arteries.
A full description and discussion of fibromuscular hyperplasia has recently been published (Sutton et al. 1963) . In this paper we also discuss other non-atheromatous causes of renal artery stenosis such as fibrous stenosis of the renal artery, stenosis from extrinsic pressure bands, and congenital hypoplasia of the renal artery.
Note: This paper was illustrated by some 60 slides of renal arteriograms. Space does not permit their inclusion here. (1959) has provided a new tool for direct diagnosis of involvement of the coronary arteries. The techniques used by these authors, and by Nordenstrom (Nordenstrom et al. 1959 , Nordenstr6m 1960 , include either general anesthesia, temporary blocking of circulation or manipulation of catheters close to the sinus of Valsalva, all processes which may give rise to serious or even fatal complications especially in severely ill patients. To avoid these complications a further technique for coronary arteriography has been developed and has now been used in about 300 cases, providing good visualization of the coronary ostia and arteries, without any cardiac complications even in patients with extensive cardiac damage. A preliminary report has been given by Forsberg et al. (1963) .
This technique needs no anesthetic, except locally where the catheter is introduced, and does not include any manipulation which may alter the circulation, but the arterial blood pressure must not be allowed to fall during the procedure.
A special catheter is used which has at the distal end a loop, at right angles to the long axis of the catheter, with lateral perforations (Bellman et al. 1960) to allow an umbrella-like distribution of contrast medium injected through the catheter. The catheter is inserted into the femoral artery using the percutaneous retrograde technique. The ring-shaped end is placed in the ascending aorta at the level of the coronary ostia and the thin-walled low-resistance catheter allows an injection rate of 30 ml 76% Urografin per second. Almost instantaneous and homogeneous contrast filling of the ascending aorta just above the aortic valve is achieved through the lateral perforations in the catheter. The contrast delivery to the coronary circulation under these circumstances is proportional to the instantaneous coronary flow. Correct catheterization thus results in constant contrast delivery to the coronary arteries throughout the complete duration of the injection independent of the phase of cardiac action. As the position of the catheter is critical for a satisfactory result a detailed study of the influence of high-pressure injection on the position of loop-end catheters of different design has been carried out and this led to the present tec h
